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Magnetic resonance imaging of pancreatic malignancy
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Abstract: Pancreatic malignancies continue to present a huge challenge not only to the surgeon, the

gastroenterologist, and the oncologist, but to the radiologist as well. The poorly marginated, invasive

nature of pancreatic ductal adenocarcinoma (PDA), the controversies regarding the clinical import of

intraductal papillary mucinous neoplasms (IPMN), and the pitfalls introduced by tumor mimics are among

the frustrating issues that make caring for affected patients so difficult. Dealing effectively with these tumors

requires the highest possible level of imaging protocol optimization and radiologist expertise. Moreover, the

patient with a pancreatic malignancy is best served when communication among imagers and clinicians flows

freely, allowing for intelligent, effective patient care decisions.
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Pancreatic malignancies continue to present a huge
challenge not only to the surgeon, the radiation oncologist,
and the medical oncologist, but to the radiologist as well.
The pancreas is centered in the abdomen, tucked into
the duodenal sweep, behind both stomach and transverse
colon, with associated image degradation from bowel gas
and motion. To complicate the picture further, nearly all
the important vessels in the abdomen, along with the bile
duct, are in intimate association with the pancreas. Even
without these anatomic factors, visualization of pancreatic
ductal adenocarcinoma (PDA) would be difficult due to
the tumor’s generally infiltrative nature, poor margination,
and relatively bland enhancement pattern (Figure I).
Pancreatic duct obstruction is the rule, generally resulting
in congested, inflamed background pancreatic parenchyma,
another feature obscuring the actual tumor and its margins
(Figure 2). Detection and margination of a pancreatic
tumor can be problematic for any imaging modality, largely
because of the hypovascular and infiltrative characteristics
mentioned above, and because of mimics like focal IgG4-
related pancreatitis, sequelae of trauma or pancreatitis,
groove pancreatitis, metastases to the pancreas, and
intrapancreatic splenule. Further, since the pancreas lacks
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a capsule, tumor rapidly infiltrates into the peripancreatic
tissues and encases critical vessels (Figure 3). Given these
challenges for detection and staging, it is not surprising that
as many as 57% of laparotomies performed with curative
intent discover locally advanced PDA or metastatic disease
unrecognized by the preoperative workup (1).

The radiologist is tasked not only with detecting a
pancreatic tumor, but with determining whether it is
currently, or potentially, surgically resectable. This is largely
dependent on a tumor’s relationship with local arteries,
specifically the celiac trunk, hepatic artery, and superior
mesenteric artery (SMA). Attention must also be given
to the status of the inferior vena cava, portal vein (PV),
superior mesenteric vein (SMV), and first jejunal artery and
vein. Current staging standards, published and periodically
updated by the National Comprehensive Cancer Network
(NCCN), describe three categories: resectable, borderline
resectable, and unresectable, which are largely determined
by these relationships, with slight variation depending on
where in the pancreas the tumor resides (Figure 4). For
example, a pancreatic head tumor is considered to have
borderline resectability if it contacts the SMA, but the
abutment must be less than 180 degrees (2).
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Figure 1 Ductal carcinoma of the pancreatic head. Coronal
contrast-enhanced image hints at the presence of an ill-defined,
hypo-enhancing tumor (long arrows) centered in the lower
pancreatic head. Strands of tumor tissue infiltrate into and tether
the small bowel mesentery.

Figure 2 Small pancreatic ductal adenocarcinoma (PDA) of the
body of the pancreas. (A) The tumor itself is indiscernible on
this axial thin-slice MRCP image, but its location is revealed
by the abrupt caliber change of the pancreatic duct (arrow); (B)
axial arterial phase enhanced image demonstrates the small, ill-
defined, but resectable tumor (thick arrow) responsible for the duct
obstruction. Thin arrow = hepatic artery; short arrow = superior
mesenteric artery (SMA).
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Figure 3 Infiltrative behavior of pancreatic ductal adenocarcinoma
(PDA). Large tumor (T) of the pancreatic tail has infiltrated
centrally to encase and narrow the tortuous splenic artery (thin
arrows indicate two different segments of the artery). Tumor also
abuts the superior mesenteric vein (SMV) (short arrow).

In our practice, patients are customarily offered
neoadjuvant chemoradiation for borderline disease, and
then imaged again to determine whether downstaging
to resectability is possible (Figure 5). Changes in the
appearance of irradiated tissue often mimic tumor
infiltration, complicating assessment of treatment response,
leading to frustration for the radiologist, and uncertainty for
the entire management team as to the appropriate next step.
Whether initially resectable, or downstaged through non-
operative treatment, a detailed map of the local blood vessel
anatomy must be created, especially any variants, such as
a replaced right hepatic artery, which will usually course
through the surgical field of a Whipple resection (Figure 6).
These vascular issues become even more important when a
laparoscopic surgical approach, with its limited field-of-view,
is intended.

Moving beyond local staging, the imaging hunt for
metastatic disease will focus on the liver, by far the most
likely site, and screen for other sites of disease, such as
the peritoneum (Figure 7). Discovery of liver metastases is
critical to optimal management, to avoid treatment delay
and the morbidity of surgery undertaken with the false
assumption that the tumor is locally confined. It has been
shown that occult liver metastases are often present at the
time of pancreatectomy (3).

Multiphase computed tomography (CT) for detection,
staging, and post-treatment surveillance of PDA has
received much attention in the literature over the past
several decades, establishing itself as the gold standard
imaging modality (4,5). Given the wide availability of high-
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Figure 4 Criteria for resectability. (A) Small resectable tumor of the pancreatic body (long arrows) obstructs the upstream duct (short
arrows), but is clearly confined to the pancreas; (B) hypoenhancing, borderline resectable tumor (T) expands the pancreatic head and
broadly abuts the superior mesenteric vein (short arrow). Resectability will be determined by technical surgical issues; [long arrow = superior
mesenteric artery (SMA)] (C) a closer look at this image reveals infiltrative tissue (arrow) behind the SMA; (D) a thick cuff of tumor tissue
(arrow) completely engulfs the SMA, a feature of unresectability.

Figure 5 Pancreatic ductal adenocarcinoma (PDA) response to adjuvant chemoradiation. (A) Initial staging demonstrates a very poorly-
defined pancreatic head mass with central necrosis (T). Complete encasement of the superior mesenteric artery (SMA) (long arrow), an
important criterion for unresectability; [short arrow = superior mesenteric vein (SMV)] (B) complete regression of the tissue surrounding the

SMA. Now resectable tumor recognizable only by a small area of necrosis seen on another slice, a remarkable response to treatment.

quality CT systems and imaging protocols that are similar
from institution to institution, current NCCN guidelines
give CT first-line status for imaging work-up, with the
caveat that high quality technique is required (6). Since
PDA is generally a hypoenhancing tumor, at least two
phases obtained following rapid bolus contrast injection
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(3-4 mL/sec) are required. The first, or pancreatic phase, is
obtained at optimal pancreatic parenchymal enhancement,
and the second, or portal phase, at optimal liver
enhancement (7). In both phases, then, the primary tumor
and any possible metastases will appear hypoattenuating
to the background tissue. MRI is considered acceptable,
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Figure 6 Magnetic resonance arteriogram (MRA) demonstrates
a “replaced” right hepatic artery (RHA), an important normal
variant. When the RHA (long arrow) arises from the superior
mesenteric artery (SMA) (shorter arrow) rather than the common
hepatic artery (thick arrow), it courses obliquely along the posterior
margin of the pancreatic head. If not prepared for, a Whipple

operation could be disastrous.

Figure 7 Peritoneal carcinomatosis. Plaque-like, enhancing tumor
coats the peritoneum (long arrows) on this coronal enhanced MR
image. More nodular implants are seen in Morrison’s pouch and in

the mesentery (thick arrows).

but not preferable, due to expense, as well as the variable
quality and expertise available in the radiology community.
MRI protocols are also not currently standardized, and
are not likely to be so in the near future, at least outside of
academic centers and other high-level imaging practices.
A role for positron emission tomography (PET) has not
been established for a variety of reasons. For example,
Wang et al. found that maximum standardized uptake value
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(SUVmax) of benign and malignant pancreatic lesions
overlapped significantly in benign and malignant cases (8).
Moreover, NCCN guidelines state that PET/CT is not
a substitute for high-quality, contrast-enhanced CT.
Addressing endoscopic ultrasound (EUS), the NCCN does
not accord the procedure the status of a routine staging
tool, but does recognize that EUS-directed biopsy is
preferable to biopsy under CT (2,9).

In our institution, discussion and decisions regarding
PDA management for individual patients occur in weekly
multidisciplinary conferences. Accumulated experience
in the group has led to fairly routine incorporation of
EUS, not only for biopsy, but for tasks such as sampling
of mucinous tumors, and clarification when CT or MRI is
inconclusive or technically suboptimal. In addition, MRI
has over the years become the primary imaging modality for
diagnosis and staging of PDA for our patients.

While CT has always benefited from excellent spatial
resolution, that is, the ability to depict fine structures
and their relationships, it is eclipsed by MRI in the arena
of contrast resolution, that is, the wide and manipulable
gray scale that brings out differences between tissues,
differences that may be subtle or indiscernible to CT.
For example, it is contrast resolution that gives MRI its
greater sensitivity to small liver metastases, which in turn
may justify its additional cost. A recent study concluded
that MRI outperforms multidetector CT for pancreatic
metastases to the liver (10). Similarly, a meta-analysis
found MRI superior to CT, FDG-PET, and PET-CT for
hepatic metastases from gastrointestinal primaries (11). The
improved contrast resolution of MRI is also responsible
for the ease with which it can depict very small ducts
and cystic lesions, which are markedly bright on heavily
T2-weighted, fluid-sensitive techniques, popularly known
as MR cholangiopancreatography (MRCP).

Required for PDA imaging with MRI is a multiphase
contrast-enhanced protocol, using the same approach
established for CT. Unique to MRI, diffusion-weighted
imaging (DWI) has recently become sufficiently robust
to be effective in the abdomen, and brings an exquisite
sensitivity for most hepatic metastases (Figure §8). Fast,
single-shot T2-weighted imaging, including MRCP,
provides the final piece of vital information—the status
of fluid-filled structures, whether pancreatic duct, bile
duct, cystic lesions, or necrosis. An MRCP acquisition will
also nicely demonstrate the classic double duct sign of a
pancreatic head mass, where the desmoplastic, obstructing
mass causes dilation of the ducts upstream (Figure 9). These
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Figure 8 Liver metastasis. A tiny focus of high signal intensity is
quite conspicuous on this diffusion-weighted image (DWI).

Figure 9 Double duct sign. Maximum-intensity reconstruction of
a 3-D MR cholangiopancreatography (MRCP) acquisition shows
the abrupt termination of the dilated pancreatic and bile ducts at
the level of the pancreatic head, the classic sign of the presence of a

carcinoma of the head of the pancreas.

three techniques form the bedrock of MRI imaging for
PDA.

Although the literature on staging emphasizes the
relationship of tumor with the regional arteries, veins are
often equally problematic It is true that even complete
encasement of the PV is not considered an absolute
contraindication to resection, unless technical issues impede
the surgeon. However, in the setting of SMV invasion, we
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often discover that the tumor also involves critical jejunal
tributaries or the inferior mesenteric vein, precluding
successful surgical reconstruction. The anatomy of these
vessels is also quite variable, so clear visualization is critical.

High-quality venous imaging has traditionally been
elusive for conventional contrast-enhanced imaging,
whether CT or MRI. Both iodinated contrast (for CT) and
gadolinium-based contrast (MRI) are extravascular agents,
that is, they quickly exit the blood pool at the tissue capillary
bed. This is how tissue enhancement is accomplished,
but it also means that beyond the arterial phase tissue
enhancement tends to obscure vessels, especially small ones,
and especially in areas where there is little separation of
structures, like the pancreas and neighboring structures. To
address this challenge, we have devised a novel approach
to our PDA imaging that employs two different contrast
agents. We first administer gadofosveset trisodium
(Ablavar®, Lantheus Medical Imaging, Billerica, MA, USA),
a commercially available gadolinium-based agent that
circulates in the blood pool for a prolonged period due to
reversible binding with serum proteins. We then obtain
magnetic resonance arteriogram and venogram (MRA/
MRV) sequences in the coronal and axial planes using a
hybrid technique that retains more information about tissue
than conventional MRA, which is traditionally designed
to exclude non-vascular structures as much as possible.
When our conventional contrast agent is then injected, and
subsequent imaging performed, the vessels, even smaller
veins like jejunal tributaries and pancreaticoduodenal
veins, retain their conspicuity in the context of the primary
tumor and any extrapancreatic infiltration (Figure 10). An
unexpected bonus has been visualization of liver metastases
on the order of 3-4 mm in diameter, likely because the
hybrid MRA slice thickness is between 1-2 mm (Figure 11).
Finally, all of our PDA patients are scheduled on a 3 Tesla
scanner to optimize spatial resolution.

While improvements in imaging technology provide
increasingly reliable guidance regarding the presence and
behavior of PDA, detection and staging remain extremely
challenging, mirroring the intractability of this tumor
when it comes to treatment. Incremental improvements
should continue as technologies like PET-MR become
more mature and novel molecular imaging agents become
available. For the time being, however, it is clear that
imaging and clinical management of PDA should occur in
high volume centers with subspecialty expertise and state-

of-the-art technology (7,12).
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Figure 10 Double contrast technique shows tumor involvement
of right hepatic artery and main portal vein (PV). Large pancreatic
head tumor (arrowheads) encases the replaced right hepatic artery
(thick arrow). It also encases and markedly narrows the main PV
(thin arrow) and superior mesenteric vein (SMV). Note conspicuity
of both artery and vein.

Figure 11 Four mm liver metastasis. The excellent contrast
resolution possible with MRI and the optimized technique permit
this degree of conspicuity in such a tiny lesion.

Figure 12 Acinar cell carcinoma. Arising from the pancreatic tail is
a large, lobulated, well-circumscribed solid mass (T). Enhancement
on this axial portal-phase contrast-enhanced image is moderate,
and fairly uniform except for small foci of intralesional necrosis.
While not encasing and occluding the splenic vein, as would a
ductal adenocarcinoma, tumor thrombus can be seen protruding
into the lumen of the vein (arrows).
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Acinar cell carcinoma

Although the second most common malignancy of the
exocrine pancreas, acinar cell carcinoma is still quite rare,
accounting for only 1-2% of these malignancies. It differs
in both imaging appearance and prognosis from ductal
adenocarcinoma, with improved outcomes (13,14). Acinar
cell carcinoma is also famous for its ability to produce
dramatically high levels of circulating lipase, resulting
in an impressive clinical presentation involving painful
subcutaneous nodules due to fat necrosis, polyarthropathy,
and eosinophilia. However, this presentation occurs only in
approximately 15% of cases, with non-specific weight loss
and abdominal pain more often the presenting symptoms (14).
Relatively soft and well-circumscribed, at least in part
because it does not elaborate the desmoplastic extracellular
matrix that is so prominent a feature of PDA, the acinar
cell tumor tends not to have an infiltrative appearance, but
rather to appear as a solid mass, with varying amounts of
intralesional necrosis (15). Its typically fairly large size at
presentation may be due to delayed diagnosis made possible
by this lack of infiltrative behavior. Enhancement also tends
to be greater than the typical low-level enhancement of a
ductal tumor, and duct dilation less common (Figure 12).

Pseudopapillary tumor of the pancreas (PPT)

The uncommon, but not rare, PPT occupies a unique
niche in the spectrum of pancreatic tumor due to its very
specific demographic: young women. In a recent study of
97 patients with PPT, only 4 were male, and mean age in
most reports is early 30’s (16). A low-grade malignancy,
PPT rarely metastasizes, and local invasion is not a
common feature. The large majority benefit from with
surgical management, which is universally recommended,
with resolution of symptoms and no recurrence (17-19).
Unlike PDA, these are well-defined tumors, although
they lack a real capsule, and they are more likely to occur
in the tail and body than in the head. Heterogeneity is a
very common feature, largely because of cystic elements,
but with hemorrhage also recognized in 25-30% (20,21).
Cystic elements are appreciated through their high signal
intensity on T2-W images, and hemorrhage by the similarly
high signal on T1-W images (Figure 15). Enhancement is
variable, but tends to be progressive. Smaller tumors tend to
behave somewhat differently, favoring a more homogeneous
appearance on unenhanced imaging, but with early
heterogeneous and progressive enhancement (22). Little has
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Figure 13 Pseudopapillary tumor of the pancreas in a 32-year-old woman. (A) T2-W, fat-suppressed image shows a large, well-circumscribed

tumor replacing the pancreatic head. The lesion is extremely heterogeneous, with multiple cystic foci (arrows); (B) T1-W fat suppressed

image obtained before contrast injection reveals large areas of high-signal intensity material (arrow), compatible with hemorrhage; (C) once

contrast has been administered, and the solid portions of the tumor enhance, the areas of hemorrhage appear relatively hypointense (arrow);

(D) tumor conspicuity is high on this heavily diffusion-weighted image, reflecting high cellularity, hemorrhage and necrosis.

been reported about PPT’ appearance on DWI, but our
institutional experience is that these lesions demonstrate
significantly higher signal intensity on high b-value DWI
than do PDA or mucinous pancreatic tumors. As these
lesions enlarge, recognition of their origin in the pancreas
becomes critical, especially those in the body and tail, so as
not to mistake them for gastric GIST, adrenal lesions, or
splenic masses.

Pancreatic neuroendocrine tumor (PNET)

Although a functional PNET can present clinically with
dramatic symptoms due to hypersecretion of one of several
digestive hormones, the majority of these tumors are
non-functional. Similarly, although often multiple when
associated with genetic syndromes, especially multiple
endocrine neoplasia type 1 (MEN-1), most PNET are
solitary and sporadic (23). Reports regarding biologic

© Translational Cancer Research. All rights reserved.

behavior vary. The largest cohort has been compiled from
the surveillance, epidemiology, and end results (SEER)
registry. Among this group of nearly 1,500 PNET, the
majority were malignant, with 60% metastatic at diagnosis,
and 21% locally invasive, with prognosis somewhat
improved for the functional variants (24). On the other
hand, a single institution’s experience with 168 surgically
resected PNETs found that more than three-quarters were
benign, and half were found incidentally (25). Since they
are symptomatic, functional tumors tend to be smaller when
discovered, especially insulinomas.

The classic imaging appearance of functional PNET
has been described as solid, well-circumscribed and
hypervascular, which may be explained by the dense
network of vessels encompassing the islet cells of the
pancreas, required by the physiologic demand for a rapid
supply of these hormones during the course of digestion.
Imaging protocols have been devised to take advantage

www.theter.org Transl Cancer Res 2015;4(6):616-633
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of these characteristics. A contrast-enhanced CT or MRI
acquisition obtained in the arterial or pancreatic phase has
long been considered critical for lesion detection, especially
for the smaller, more solid tumors (Figure 14). For example,
in a review of 30 resected insulinomas, only 63% were
initially recognized on contrast-enhanced CT. However,
in the subgroup of tumors that had undergone focused
CT that had incorporated a pancreatic phase, all were
recognized (26). Our MR experience with PNETs has been
that a minority of these lesions can be frustratingly subtle
with even the best designed imaging protocols, especially
in the setting of MEN-1, due both to their usually small
size and to their multiplicity (Figures 15,16). Also, although

Figure 14 Insulinoma. Coronal image from an arterial phase
acquisition reveals a small, hyperenhancing, well-circumscribed
tumor (arrow). Notice prominent feeding artery (small arrows). P,

pancreatic head; L, liver.
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EUS has proven quite useful for detection and biopsy, we
have found that even meticulous EUS often misses one or
more lesions.

Nonfunctional tumors have a more varied appearance,
with hypoenhancing elements, necrosis, and invasive
behavior developing as the lesions enlarge (Figures 17,18).
Generally, PNETs are only mildly hyperintense on T2W
images, with the exception of cystic components, which will
be strongly hyperintense (27). Despite the fact that these
tumors are generally thought of as solid masses, as many as
18% of PNETS less than 3 cm are predominately cystic (28),
and when small lesions become cystic, they can easily be
mistaken for side-branch intraductal papillary mucinous
neoplasms (IPMN) or pseudocyst (Figure 19). The liver is by
far the most likely target of metastases from PNETs, where the
lesions are hyperenhancing and usually multiple (Figure 20).
DWI sequences are exquisitely sensitive to the presence
of liver metastases, out-performing T2-W and dynamic
contrast-enhanced techniques alike, and should routinely be
included in MR scanning protocols for PNETs (29).

Intraductal papillary mucinous neoplasm (IPMN)

IPMN has attracted a remarkable, and increasing, amount
of attention over the past 15-20 years. To a great degree, the
still-escalating utilization of ever-more sophisticated imaging
technologies has been responsible for the progressive increase
in detection of these lesions. The sub-millimeter spatial
resolution now available on multidetector CT (MDCT)
systems and the excellent sensitivity of high-level MR systems
for sub-centimeter cysts are the most important culprits. For

Figure 15 Subtle appearance of a tiny pancreatic neuroendocrine tumor. (A) The small lesion in the pancreatic tail is barely discernible on a

fat-suppressed T2-weighted image; (B) challenging for detection, enhancement of tumor and the background pancreas is nearly identical.

© Translational Cancer Research. All rights reserved.
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Figure 16 Multiple pancreatic neuroendocrine tumors (PNETS) in a patient with Von Hippel Lindau syndrome. (A) Syndromic PNETSs,

most commonly seen in MEN-1, tend to be multiple and often quite small; (B) a dominant nodule demonstrates avid, homogeneous early
contrast-enhancement.

Figure 17 Pancreatic neuroendocrine tumor (PNET) with Figure 18 Large, invasive pancreatic neuroendocrine tumor
heterogeneous enhancement pattern. The center of this otherwise (PNET). Tumor (thick arrows) has obliterated the pancreatic
hyperenhancing tumor demonstrates less avid contrast uptake, tail and invaded the spleen (S). Notice the lack of central tumor
likely indicating the early stages of central necrosis/fibrosis (long enhancement, indicating necrosis (asterisk), and the large liver
arrow = PNET, short arrows = pancreas). G, gallbladder. metastasis (thin arrow).

Figure 19 Cystic pancreatic neuroendocrine tumor (PNET). (A) A miniscule focus of high signal intensity (arrow) is barely visible on this

fat suppressed, T2-weighted image; (B) a punctate hypointense focus is all that can be appreciated of the tumor on enhanced sequences.
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Figure 20 Liver metastases from pancreatic neuroendocrine tumors. (A) Tiny, solid, and hyperenhancing; (B) ring-enhancing; (C) multiple

ring-enhancing lesions continue to grow despite aggressive radioembolization; (D) diffusion-weighted images, as here, are critical for

detection and for assessment of treatment response. These metastases remain markedly conspicuous.

example, in 2008, Laffan et 4l. reported a 2.6% prevalence
of incidental pancreatic cysts found on MDCT (30).
In a more recent study we have found an overall 43%
incidental cyst prevalence in 500 patients undergoing
abdominal MRI at our institution over a 10-year period,
with the rate increasing during that time (31).

The defining feature of IPMN is intraductal accumulation
of mucin produced by plaque-like tumors arrayed along
the epithelial surface of the main pancreatic duct, its side
branches, or both. As mucin accumulates, the affected
duct dilates, sometimes to a remarkable degree, resulting
in symptoms ranging from abdominal pain to pancreatitis
(Figures 21-23). In early years, this entity was an endoscopic
diagnosis made by recognition of mucin protruding into
the duodenum through a bulging papilla (32), usually
representing an advanced lesion.

In conjunction with increased and earlier detection,
recognition of the malignant potential of IPMN lesions has

© Translational Cancer Research. All rights reserved.

led to confusion and controversy, with vacillating approaches
to management. Intensive research efforts by the surgical,
gastroenterology, and radiology communities are at last
bringing some clarity to the conversation. One very large
step has been taken with the recognition that main duct (ind)
and branch duct (bd) IPMN appear to be distinct lesions,
given their markedly different rates of progression to frank
malignancy and very different patient outcomes (33-35).
In the past few years, in recognition of their very indolent
growth pattern, simple imaging surveillance has become the
primary management choice for small (<3 cm) suspected
bd-IPMNss that lack suspicious features, enhancing mural
nodules, or rapid growth in size (36-38).

Of greater concern are main duct or mixed main duct/side
branch IPMN. The risk of malignant transformation
appears to be an order of magnitude higher than for
isolated bd-IPMN, and thus surgical resection or close
surveillance are more often the appropriate management
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Figure 21 Intraductal papillary mucinous neoplasms (IPMN),
main duct type. Axial thick-slab MR cholangiopancreatography
(MRCP) image shows massive dilatation of the main pancreatic
duct by hyperintense, cyst-like material (arrow = common bile

duct, C = renal cyst).

Figure 22 Intraductal papillary mucinous neoplasms (IPMN), branch
duct (bd) type. (A) Coronal thick-slab MR cholangiopancreatography
(MRCP) image shows multiple cystic lesions arising from the main
duct (long arrow), which is normal in caliber; (short arrows = bile
duct) (B) coronal thick-slab MRCP shows a single multilocular bd-
IPMN in the pancreatic tail (long arrow), clearly in communication

with the main duct (short arrows).

© Translational Cancer Research. All rights reserved.
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Figure 23 Intraductal papillary mucinous neoplasms (IPMN),
mixed main duct—branch duct type. Many side branch lesions of
varying sizes and locularity. Main duct (long arrows) moderately

dilated (thick arrow = bile duct). Notice pancreas divisum.

options. Consensus guidelines published in 2012 consider a
main duct diameter of 10 mm or greater to be of high risk
for malignancy, with 5-10 mm classified as worrisome (37).
Enhancing nodules and obstructive jaundice are the other
two high-risk stigmata. Even in the presence of stigmata of
chronic pancreatitis, a main duct with a diameter of 5 mm
or greater is worrisome (39).

High-resolution MRCP imaging is not only exquisitely
sensitive to the presence of fluid, but it can also demonstrate
the internal features of cystic lesions, such as locularity,
septations, alterations in cyst fluid characteristics, and
communication with the main duct, and is thus ideal
for purposes of follow up (Figure 24). When combined
with contrast-enhancing imaging, MR can distinguish
between solid neoplastic mural nodules and clumps of
non-enhancing inspissated mucin, and can detect
enhancement of duct wall and septations. In a study of
51 patients with surgically resected md-IPMN who had
undergone MRI/MRCP (40), Manfredi et 4/. found that
enhancing mural nodules and diffuse duct involvement were
most predictive of malignancy (Figures 25,26).

Mucinous cystic neoplasm (MCN)

Another unique pancreatic tumor, the MCN is also a

www.thetcr.org Transl Cancer Res 2015;4(6):616-633
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Figure 24 Malignant intraductal papillary mucinous neoplasms (IPMN). (A) Coronal thick-slab MR cholangiopancreatography (MRCP)
image shows a large cystic lesion with a sizable filling defect (thick arrow) in the pancreatic head. Main duct caliber (thin arrow) is
borderline; (B) sagittal thin slice MRCP shows the multilocularity of the bd-IPMN to better effect, as well as the multiple intralesional
nodules (large arrow); (small arrow = intrahepatic bile ducts) (C) sagittal contrast-enhanced image proves that the filling defects are not

mucin balls or debris, but enhancing, papillary nodules.

Figure 25 Malignant intraductal papillary mucinous neoplasms (IPMN), invasive. (A) Coronal thick slab MR cholangiopancreatography
(MRCP) image shows a cystic-solid lesion in the pancreatic head (large arrow). The main duct (small arrows) is abnormal, with both

dilated and strictured segments; (B) axial contrast-enhanced image through the pancreatic head reveals infiltrative tissue (arrows) extending

anteriorly to involve the mesenteric vessels. T, tumor in the head; D, duodenum.

gender-specific entity: in a classic study of 130 MCN, all
patients were women (41). This demographic distribution
ceased to be surprising when ovarian stroma was recognized
as a characteristic and requisite feature for diagnosis of this
tumor. Although slow-growing and rather indolent, all
MCN are considered to have malignant potential. With a
mean age of 45 years, patients tend to be older than those
with PPT. Their tumors are typically large, with a mean
diameter of 10 cm, and nearly all are in the pancreatic

© Translational Cancer Research. All rights reserved.

body/tail (Figure 27). Primarily cystic, without internal
hemorrhage, they contain mucin rather than serous fluid.
Recognition of the small mural nodules, which is where
the dysplastic/neoplastic elements reside, is challenging for
CT, but facilitated in MRI by the marked contrast between
fluid and tissue (Figure 28). Subtraction of the pre-contrast
from the post-contrast images will confirm that high signal
foci represent enhancing tissue rather than hemorrhage or
inspissated mucin. MRI readily characterizes the oligocystic
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Figure 26 Diffuse malignant intraductal papillary mucinous neoplasms (IPMN). (A) Coronal thick-slab MR cholangiopancreatography
(MRCP) image shows a massive cystic-solid mass (arrow) replacing the pancreas; (B) axial thin-slice MRCP shows replacement of the body
and tail by the mass (thick arrows) (long arrows = solid papillary excrescences); (C) axial contrast enhanced image demonstrates the same

findings and shows enhancement of the malignant excrescences.

Figure 27 Mucinous cystic neoplasm (MCN) in a 21-year-old woman, without malignancy. (A) Axial T2-weighted, fluid-sensitive MR
cholangiopancreatography (MRCP) image shows a large oligocystic lesion arising from the pancreatic body/tail (arrowhead = septation,
thick arrow = small locule); (B) delayed-phase image shows very faint enhancement of thin walls of septum and locule. Splenic vein occlusion

confirmed by the large, tortuous venous collaterals along the tumor margin (long arrow).

Figure 28 Mucinous cystic neoplasm (MCN) in a 42-year-old woman with a 5 mm invasive adenocarcinoma at histopathology. (A) Axial

thin-slice MR cholangiopancreatography (MRCP) image demonstrates a large unilocular cystic lesion (thin arrow) replacing the pancreatic
tail. Cystic-solid mural nodules project into the cyst fluid (thick arrow); (B) axial contrast-enhanced arterial phase image suggests possible
small foci of nodule enhancement; (C) delayed-phase image confirms the enhancement and also highlights the mural thickening and

enhancement consistent with the neoplastic origin of this MCN.
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Figure 29 Renal cell carcinoma (RCC) metastasis to the pancreatic head mistaken for a pancreatic neuroendocrine tumor. (A) Well-circumscribed,
hypervascular lesion (arrow) demonstrated on this contract-enhanced image obtained in the arterial phase; (B) lesion more subtle, and nearly
isointense with pancreas, on coronal enhanced image obtained a minute later.

Figure 30 Multiple renal cell carcinoma (RCC) metastases to the pancreas with indolent growth pattern. (A) Coronal enhanced image
demonstrates two of several metastases (arrows) discovered incidentally on an MRI obtained for another indication; (B) five years later the
lesions are more evident and larger, but remain localized to the pancreas; (C) ten years later an arterial phase image obtained in a 3T scanner

clearly delineates a number of hypervascular metastases, continuing to grow extremely slowly (long arrow = metastasis to gallbladder).

nature of this tumor, the well-circumscribed wall, the very
common small mural nodules, and the lack of hemorrhage
or communication with the duct (42,43). Unless these
features are clearly demonstrated on imaging, an MCN
lesion is easily mistaken for a pseudocyst.

Pitfalls

Primary pancreatic malignancies can be mimicked by
a handful of other entities, including metastases from
elsewhere, inflammatory processes, ampullary and bile duct
tumors, and anatomic variants like intrapancreatic splenic
tissue.

Metastases to the pancreas are quite uncommon, with
a smattering of reports involving breast, colorectal, lung,

© Translational Cancer Research. All rights reserved.

and cutaneous melanoma primaries. By far the most
common are of renal cell carcinoma (RCC) origin (44).
Interestingly, these tend to be fairly indolent, perhaps due
to a lower biologic aggressiveness of the primary, with
generally excellent survival data, even when diagnosis is
delayed (45-47). Metastases from RCC are recognized
for a hypervascularity that results in striking early
hyperenhancement similar to the appearance of a primary
clear cell RCC, but also often not distinguishable from
a PNET (Figure 29). Because of this behavior, inclusion
of an arterial phase sequence following contrast injection
is rewarded by greater tumor conspicuity against a
background of more gradually enhancing pancreatic
parenchyma (48). In our experience, multiple metastases
occur more commonly than solitary lesions (Figure 30).
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IgG4-related sclerosing disease is an umbrella term that
refers to a family of fibrosing disorders characterized by
tissue infiltration by IgG4 rich plasma cells. Potentially
affected organs include kidneys, biliary tree, salivary
glands, small bowel mesentery, and pancreas, alone or
in combination. Because the disease often affects the
pancreas focally, with swelling, decreased enhancement,
and stricturing of involved ducts, IgG4-related pancreatitis
can mimic pancreatic adenocarcinoma (Figure 31). Also
diagnostically problematic is the absence of gland edema
and peri-pancreatic fluid so typical of inflammatory
pancreatitis. Although a good deal of attention has been
paid in recent years to this entity, I[gG4-related pancreatitis
is still under-recognized, resulting in major surgeries and

a

Figure 31 Focal IgG64-related autoimmune pancreatitis. The
pancreatic tail and most of the body is swollen and poorly-enhancing
(thick arrow), with a very clearly defined margin between it and the
rest of the enhancing parenchyma (thin arrow). No invasion of local
structures or splenic vein occlusion. Nonetheless, the patent underwent
a distal pancreatectomy for suspicion of underlying malignancy.

Bridges. MRI of pancreatic malignancy

other unnecessary treatments for a disease that typically
responds quite rapidly to steroids. Observations like
focally increased bulk without infiltration beyond the
gland; uniform low level enhancement; a narrowed and
irregular, but not obstructed, duct; delayed capsule-like
enhancement; and marked diffusion restriction should
stimulate consideration of focal IgG4-related pancreatitis as
an alternative to malignancy (49-52).

Splenules, or accessory spleens, are very common
incidental findings on cross-sectional imaging. Since
they are most often found in the vicinity of the splenic
hilum, they are also in close proximity to the pancreatic
tail, sometimes actually within the substance of the tail.
An intrapancreatic splenule can mimic a hypervascular
pancreatic mass, such as a neuroendocrine tumor.
Fortunately, a splenule will match the T2-W appearance,
the diffusion behavior, and the very characteristic
enhancement pattern of the spleen itself (Figure 32).

Ampullary carcinoma arises from the glandular epithelium
of the ampulla of Vater and, like duodenal carcinoma, carries
a more favorable prognosis than PDA (53). However, it is
easily mistaken for carcinoma of the head of the pancreas
since obstruction at the level of the ampulla will also produce
the double duct sign for which PDA is so well known. It also
tends to be similarly hypoenhancing, ill-defined, and small
at presentation (Figure 33). Similar confusion can be created
by cholangiocarcinoma affecting the distal, intrapancreatic
portion of the bile duct.

Conclusions

Despite incremental improvements in diagnostic efficacy of

Figure 32 Intrapancreatic splenule. (A) Axial T2-WI through the pancreas shows a small well-defined nodule (short arrow) in the tail of this

atrophic pancreas, with signal intensity identical to the spleen itself; (B) the nodule follows the enhancement of the spleen on this arterial

phase along with the other phases following contrast administration. Thin arrow = pancreatic duct. S, spleen.

© Translational Cancer Research. All rights reserved.
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Figure 33 Ampullary carcinoma. (A) Heavily T2-weighted coronal image through the pancreatic head (H) shows an unusually well-

circumscribed tumor (long arrow) occupying the ampulla of Vater, obliterating the papilla, and protruding into the duodenal lumen; (B) on

a coronal T1-W image obtained following contrast injection, the tumor enhances, but now appears less well-defined. Moderate bile duct

dilatation (short arrow). Mild pancreatic duct dilatation (thick arrow). H, head of the pancreas.

imaging for cancer of the pancreas, detection, characterization,
and staging of these lesions remain challenging. These
challenges mirror the difficulties currently faced by the
oncologists, gastroenterologists, and surgeons who are charged
with managing the patients afflicted by pancreatic tumors. CT,
MR, and FDG-PET have roles that vary by institution, rightly
so because levels of expertise vary. In summary, however, the
patient will be best served by diagnostic imaging performed
in high volume centers with state-of-the art technology (12).
Perhaps even more important is the availability of interested
sub-specialist radiologists who are educated to the oncologic
and surgical issues critical to effective treatment of this stubborn,
too-often lethal disease.

For the time being, however, it is clear that imaging and
clinical management of PDA should occur in high volume
centers with subspecialty expertise and state-of-the-art
technology (7,12).
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